Abstract. In the current work, the intuitionistic fuzzy version of HyersUlam stability for a nonic functional equation by applying a fixed point method is investigated. This way shows that some fixed points of a suitable operator can be a nonic mapping.
Introduction
In [25] , Ulam proposed the general Ulam stability problem:"When is it true that by slightly changing the hypotheses of a theorem one can still assert that the thesis of the theorem remains true or approximately true?" In [14] , Hyers gave the first affirmative answer to the question of Ulam for additive functional equations on Banach spaces. On the other hand, Cȃdariu and Radu noticed that a fixed point alternative method is very important for the solution of the Ulam problem. In other words, they employed this fixed point method to the investigation of the Cauchy functional equation [10] and for the quadratic functional equation [9] (for more applications of this method, see [3] , [4] , [6] , [7] , [8] , [11] and [27] ).
In 1965, Zadeh [28] introduced the notion of fuzzy sets which is a powerful hand set for modeling uncertainty and vagueness in various problems arising in the field of science and engineering. After that, fuzzy theory has become very active area of research and a lot of developments have been made in the theory of fuzzy sets to find the fuzzy analogues of the classical set theory. In fact, a large number of research papers have appeared by using the concept of fuzzy set and numbers and also fuzzification of many classical theories has been made. The concept of intuitionistic fuzzy normed spaces, initially has been introduced by Saadati and Park in [22] . Then, Saadati et al. have obtained a modified case of intuitionistic fuzzy normed spaces by improving the separation condition and strengthening some conditions in the definition of [24] . Many authors have considered the intuitionistic fuzzy normed linear spaces, and intuitionistic fuzzy 2-normed spaces (see [1] , [2] , [13] , [16] ). Also, the generalized Hyers-Ulam stability of different functional equations in intuitionistic fuzzy normed spaces has been studied by a number of the authors (see [5] , [15] , [20] , [21] and [26] )
In this paper, we consider the nonic functional equation which was introduced in [18] as follows:
f (x + 5y) − 9f (x + 4y) + 36f (x + 3y) − 84f (x + 2y) + 126f (x + y) − 126f (x) + 84f (x − y) − 36f (x − 2y) + 9f (x − 3y) − f (x − 4y) = 362880f (y). (1) It is easy to check that the function f (x) = ax 9 is a solution of the functional equation (1) . Indeed, general solution of the equation (1) was found in [18] . In this paper, we study some stability results concerning the functional equation (1) in the setting of intuitionistic fuzzy normed spaces. In fact, we show that the nonic functional equation (1) can be stable (Corollary 2.4).
Intuitionistic fuzzy stability of (1)
In this section, we firstly restate the usual terminology, notations and conventions of the theory of intuitionistic fuzzy normed space, as in [17] , [19] , [20] , [21] and [23] . Then, we prove the generalized Ulam-Hyers stability of the equation (1) in intuitionistic fuzzy normed spaces, based on the fixed point Theorem 2.2.
Let ≤ L be an order relation on the set
It is easy to check that the pair (L, ≤ L ) is a complete lattice (see also [19] and [23] ). We denote the units of L by 0 L = (0, 1) and 1 L = (1, 0). Definition 1. Let U be a non-empty set called the universe. An L-fuzzy set in U is defined as a mapping F : U −→ L. For each u in U , F (u) represents the degree (in L) to which u is an element of F . An intuitionistic fuzzy set F µ,ν in a universal set U is an object F µ,ν = {(µ F (u), ν F (u)) : u ∈ U }, where µ F (u) and ν F (u) belong to [0, 1] for all u ∈ U with µ F (u) + ν F (u) ≤ 1. The numbers µ F (u) and ν F (u) are called the membership degree and the non-membership degree, respectively, of u in F µ,ν .
A t-norm T on L is said to be continuous if, for any x, y ∈ L and any sequences {x n } and {y n } which converge to x and y, respectively, then lim n→∞ T (x n , y n ) = T (x, y).
Here, we define a sequence T n , recursively by T 1 = T and
for all n ≥ 2 and x (j) ∈ L.
The following definitions of an intuitionistic fuzzy normed space is taken from [20] .
. Let X be a vector space, T be a continuous t-norm on L and P be an L-fuzzy set on X × (0, ∞) satisfying the following conditions:
for all x, y ∈ X and all t, s > 0. Then the triple (X, P, T ) is called an L-fuzzy normed space. In this case P is called L-fuzzy norm (briefly, L-fuzzy norm). If P = P µ,ν is an intuitionistic fuzzy set, then the triple (X, P µ,ν , T ) is said to be an intuitionistic fuzzy normed space (briefly, IFN-space). In this case, P µ,ν is called an intuitionistic fuzzy norm on X (Some example of IFN-spaces are provided in [26] and [27] ).
Note that, if P is an L-fuzzy norm on X, then the following statements hold:
(i) P(x, t) is nondecreasing with respect to t for all x ∈ X; (ii) P(x − y, t) = P(y − x, t) for all x, y ∈ X and t > 0.
, y = (y 1 , y 2 ) ∈ L and µ, ν be membership and non-membership degree, respectively, of an intuitionistic fuzzy set defined by
Then (X, P µ,ν , T ) is an IFN-space.
for all m, n > N , where N s is the standard negator; (3) (X, P µ,ν , T ) is said to be complete if and only if every Cauchy sequence in (X, P µ,ν , T ) is convergent to a point in (X, P µ,ν , T ). A complete intuitionistic fuzzy normed space is called an intuitionistic fuzzy Banach space.
We need the following theorem which a result in fixed point theory [12] . This result plays a fundamental role to arrive our purpose in this paper. 
In the sequel, we use the difference operator for the given mapping f : X −→ Y as follows:
for all x, y ∈ X.
From now on, we assume that all t-norms are as
In the upcoming theorem which is our aim in this paper, we prove the generalized Ulam-Hyers stability of the equation (1) in intuitionistic fuzzy normed spaces.
Theorem 2.3. Let l ∈ {1, −1} be fixed and let α be a real number with α = 512. Let X be a linear space and let (Z, P ′ µ,ν , T ′ ) be an intuitionistic fuzzy normed space. Suppose that φ : X × X −→ Z is a mapping such that
for all x ∈ X and t > 0. If (Y, P µ,ν , T ) is a complete intuitionistic fuzzy normed space and f : X −→ Y is a mapping such that
for all x, y ∈ X and t > 0, then there exists a unique nonticc mapping N :
for all x ∈ X and t > 0, where
Proof. For the cases l = 1 and l = −1, we consider α < 512 and α > 512, respectively. Putting x = y = 0 in (3), we have
for all x ∈ X and t > 0. Interchanging (x, y) into (x, −x) in (3), we obtain
for all x ∈ X and t > 0. By (7) and (8), we obtain
for all x ∈ X and t > 0. Substituting (x, y) by (5x, x) in (3), we get
for all x ∈ X and t > 0. Again, by replacing (x, y) to (0, 2x) in (3), we arrive at
for all x ∈ X and t > 0. It follows from (10) and (11) that
for all x ∈ X and t > 0. By (6), (9) and (12), we find
for all x ∈ X and t > 0. Putting (x, y) by (4x, x) in (3), we get
for all x ∈ X and t > 0. Using (6) and (14), we have
for all x ∈ X and t > 0. Hence
for all x ∈ X and t > 0. By (13) and (16), we deduce that
for all x ∈ X and t > 0. Putting (x, y) by (3x, x) in (3), we get
for all x ∈ X and t > 0. Applying (6), (9) and (18), we get
for all x ∈ X and t > 0. Thus
for all x ∈ X and t > 0. It follows from (17) and (20) that
for all x ∈ X and t > 0. Replacing (x, y) by (2x, x) in (3), we obtain
for all x ∈ X and t > 0. Applying (6), (9) and (22), we get
for all x ∈ X and t > 0. The relation (23) implies that
for all x ∈ X and t > 0. Plugging (21) to (24) , one can obtain
for all x ∈ X and t > 0. Interchanging (x, y) into (x, x) in (3), we have
for all x ∈ X and t > 0. Using (6), (9) and (26), we get
for all x ∈ X and t > 0. So,
for all x ∈ X and t > 0. It follows (25) and (28) that
for all x ∈ X and t > 0. Replacing (x, y) into (0, x) in (3), we obtain
for all x ∈ X and t > 0. By (6), (9) and (30), we have
for all x ∈ X and t > 0. By (29) and (32), we have
where Λ(x, t) is defined in (5). Thus
for all x ∈ X and t > 0. We consider the set Ω = {h : X −→ Y } and introduce the generalized metric on X as follows:
if there exist such constant C, and d(h 1 , h 2 ) = ∞, otherwise. It is easy to check that d is a complete metric (see also [11] ). Define the mapping J : Ω −→ Ω by J h(x) = 2 −9l h(2 l x) for all x ∈ X. Given h 1 , h 2 ∈ Ω and ǫ be an arbitrary constant with
for all x ∈ X and t > 0. Hence,
for all h 1 , h 2 ∈ Ω. Thus J is a strictly contractive mapping of Ω with the Lipschitz constant (1) N is a unique fixed point of J in the set Ω 1 = {h ∈ ω : d(f, h) < ∞}, which is satisfied
for all x ∈ X. In other words, there exists a C > 0 with for all x ∈ X and t > 0. |512 − α| t (37) for all x ∈ X and t > 0. it follows from the relations (2) and (37) that the inequality (4) holds. Replacing 2 ln x and 2 ln y by x and y in (3), respectively, we get P ′ µ,ν φ(x, y),
for all x, y ∈ X and t > 0. Letting n tends to infinity, we see that N is a nonic mapping.
The following corollary is a direct consequence of Theorem 2.3 concerning the stability of (1).
Corollary 2.4. Let λ be a nonnegative real number with λ = 9, X be a normed space with norm · , (Z, P ′ µ,ν , T ) be an intuitionistic fuzzy normed space, (Y, P µ,ν , T ) be a complete intuitionistic fuzzy normed space, and let z 0 ∈ Z. If f : X −→ Y is a mapping such that P ′ µ,ν (( x λ + y λ )z 0 , t) ≤ L P µ,ν (D n f (x, y), t)
for all x, y ∈ X and t > 0, then there exists a unique nonic mapping N : X −→ Y such that 
for all x ∈ X and t > 0.
Proof. Setting φ(x, y) := ( x λ + y λ )z 0 and applying Theorem 2.3, we get the desired result.
